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PRELIMINARYFREE-FLIGHTINVESTIGATIONOFTHEZERO-LIFT

DRAGPENALTIESOF SEVERALMISSILENOSESHAPES

FORINFRAREDSE&NG DEVICES

ByRobertO.Piland

SUMMARY

Theinitialresultsofan investigationto studynoseshapescon- ‘
sideredsuitableforhousingan infraredseekerarepresented.The
zero-liftdragcharacteristicsofa missile-likebodywithvariom I
unconventionalnoseshapeswereobtainedthrougha rangeofMachnum- ‘
hersfrom0.8to 1.8andReynoMsnumbers,basedonbodylength,from
20X 106to70X 106,respectively,by usingrocket-propelledfree-
flightmodels.Resultsofthetestsindicatethatat supersonicspeeds’=
about70percentofthe-dragpenaltyincurredby usinga sphericaltip
noseshapemaybe eliminatedby usingnoseshapeswhich,itisbelieved,.
willstillallowtheseekerto function.

Ofthenoseshapestested,a 30°coneincurredthesmallestdrag ,:
penaltyat supersonicspeedswhencompsredwithparabolicnoseshape
ofhigherfinenessratio.Ofthosenoseshapesrwhichcouldpossibly
be constructedentirelyofmetalorof a transparentmaterial,thedif-’
ferencesindragwerenegligible.

INTRODUCTION

\

Inthepresentdevelopmentofguidancesystemsformissiles,a
seekerdevice,sensitiveto infraredradiation,as describedinrefer-
ence1,isbeingconsidered.A seekerofthistypeutilizesa lens,
thepreferablelocationofwhichisthenoseofthemissile.Ifthe
lensislocatedinthenoseofthemissile,however,theuseof a low-“
dragparabolicor conicalnoseshapeofhighfinenessratiomaybe
iqracticalbecauseofaberrationsanda highpercentageofreflections,.
Ontheotherhand,usingtheratherbluntlensor a sphericaltipfora~-

. noseshaperesultsinextremedragpenaltiesatMachnuuibersabove
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about1.4as indicatedin
intooneofdetermininga
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reference2. Theproblem,therefore,resolves ,
noseshapewhichwillallowtheseekerto

operatehutwillnotincuran intolerabletiagpenalty.MaDYnose
shapeshavebeensuggestedbyvarioussourcesaspossiblesolutionsto
theproblem.Thepossibilitiesofusingplainspikesaheadofblunt
bodiesfordragreductionhavebeenreportedinreferences3 and4. The
presentinvestigationundertakestoassaythedragpenaltieswhich
wouldbe incurredby theuseofseveralothersuggestednoses.Thenose
shapeswereflight-testedona fin-stabilizedmissile-likebody. The
modelswererocket-propelledto a Machnumberof 1.8. Duringthe
-followingcoastingperiod;zero-liftdragdatawereobtained.The
Reynoldsnumber,basedonbodylength,variedfrom20x 106to 70x 106
forMachnumbersfrom0.8to 1.8,respectively.Testswereconducted
at thePilotlessAircraftResearchStation

MODELS

TestBody
\

A photo~ph ofthebodyonwhichthe

atWallopsIsland,Va.

variouEnoseshapeswere
flight-~este~i;showninfi&re 1 withthebasicparabolic-nose.A
drawing,withthebodycoordinates,ispresentedinfigure2(a).The
bodywasfin-stabilizedhnd75 inchesinlengthwitha finenessratio
of 15. ThebodywasmadeofmahoganyandcoatedwithredPhenoplast
whichwassmoothlyfinished.ThePhenoplastwasusedinorderto
maintaina highdegreeofsmoothnessatthetemperaturesencountered
durtigflighttesting.Thepolishedduralum~finswereofhexagonal
sectionwitha maximumthicknessof0.25inch.

Theseekerlenswasconsideredtobe locatedat station7.65 which
gavea ratioof lensdiametertomaximumbodydiameter.of3 to 5. All
changesinnoseshapeweremadeaheadofthisstation,thelenslocation
beingfixed.

NoseShapes

Parabolicnose.-As mentionedpreviously,theidealnoseshape
fromtheviewpointofaerodynamicdragiscurrentlyconsideredtobe
impracticalforuseasa housingforan infraredseeker.Sucha nose
shapeshowninfigures1 and2(a)wastestedforpurposesofcomparison.

~“- Thespherical-noseshape,,showninfigures2(a)
and3 a , ontheotherhand,wouldhaveacceptablecharacteristicsfora
seekerstandpointbutwouldbepoorwhenconsideredaerodynamically.
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Thisnosewastestedsinceitwasconsidered
highestdragthata designermighttolerate.

theshapegivingthe‘

The30° conicalnose.- It isbelieved(ref.>)that
noseotheminimumapexanglewhichcouldbe usedinfront
thepresenttimeisabout30°. Thenoseshapetestedas
showninfigures2(a)and3.(b).

fora conical
ofa seekerat
a resultis

The12-sidednose.-A 300conenosemodifiedtohave12sidesis
beingconsideredforusewithan opticalguidancesystemsuchasthat
describedinreference6. Considerationhasalsobeengiventouseof
a 12-sidednoseconstrictedof quartzwithan inf~ed seeker.Conse-
quently,the12-sidednoseshapeshowninfigures2(a)and3(c)was
selectedfortesting.

Spike-mountedwindshield.-Boththeconicaland12-sidednose
requiretheuseofa materialsuchas quartz,plastic,or glassthrough
whichtheradiationfroma targetwouldpassbeforestrikingthelens.
Thereisalsothepossibilityofallowingat leasta partoftheradia-
tiontoreachthelensdirectlyor,atmost,topassthroughonlya
sphereforwhichtransmittancepropertiesareexcellent.Sucha shape
wouldbe a spike-mountedwindshield(figs.2(a)and3(d))forwhichdrag
reductionpossibilitieswerefirstpointedoutby RobertT. Jonesof
theNationalAdvisoryCommitteeforAeronauticsandlaterconfirmedby
rockettestsinreference7. Thewindshieldconsistsofa conewith
half-apexangleof 10°mountedona truncatedconeof21°halfangle.
Theratioofwindshieldfrontalareato lensareais 1 to 9.

Slottedcone.-A hollow30°conewasmodified(atthesuggestion
ofEdmundC. BuckleyoftheNACA)by theremovalof50percentofthe
surfaceareaoftheconeintheformof longitudinalstrips.Thenose
showninfigmes2(a),2(b),and3(e)istheresult.Theinfraredrays
couldentertheslots,andcouldalsopassthroughtheshieldedparts
ifsuchpartsweremadeofa transparentmaterial,whereasitwas
hopedtheslottedconemightretaintheaerodynamiccharacteristicsof
thesolidcone.

Slottedconewith40°windshield.-Theslotted-conenosewas
modifiedby theadditionofa 40°conicalwindshield.Thisconfigura-
tionisshowninfigures2(a)and3(f).

Ringnose.-Fromtheslotted-coneandwindshieldnoseswasderived
theringnoseshowninfigures2(a),2(b),and3(g). It isa hollow
30°conemodifiedby theremovalof lateralstripsintheamountof
50percentofthesurfaceareaandisequippedwitha small50°conical
windshield.Thisnosecouldbe considereda successionofwindshields
ora slottedconewithlateralratherthanlongitudinalstringers.As
inthecaseoftheslottedcone,theinfraredcouldpassthroughthe

.
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openlateralstripsaswellas throughtheshieldedpartsifthese
partsweremadeoftransparentmaterial.

PREFLIGHTJETTESTS .

Sinceitwasimpracticaltoanalyzetheflowconditiorisaboutthe
slotted-coneandringnoseshapes,therewassomeconcernabouttheir
abilitytowithstandtheforcestowhichtheywouldbe subjectedin
flight.Thesenoseshapes,therefore,weretestedat M=l.8 (ins
jetwithopentestsection),as describedinreference8. Inadditionto
thestructuraltests,shadowgrapmweretakenofthe.slottedconewith
variousconicalwindshieldsandtheringnosewitha 50°conicalwind-
shield.A shadowgraphwasalsotakenoftheflowaboutthespi.ke-
mountedwindshield.Theseshadowgraphsarepresentedinfigures4(a)
to 4(f)to,showthetypeof flowoverthevariousnoseconfigurations.

FLIGHTTESTS .

A typicalmodelreadyforfiringisshowninfigure5.’As shown,
thetestmodelsemployeda two-stagepropulsionsystemconsistingofa
3.25-inchMK7 rocketmotoras thesustainerunitanda 5.O-inchrocket
motoras theboosterunit,thelatterbeingequippedwithstabilizing
fins. Theboostermotorpropelledthecombinationtoa’llachnumberof
about1.1,andafterseparationthesustainerfiredtobringthemodel
tomaxi.nmnMachnumber.Thedragdatawereobtainedduringtheperiod
of coastingflightsubsequentto sustainerburnout.TheReynoldsnum-
bersencounteredduringthisperiodareplottedagainstMachnumberin
figure6. Theflighttestscovereda rangeofReynoldsnumbersfrom
20 x 106to 70x 106andMachnumbersfrom0.8to 1.8.

Thedragdatawereobtainedandreducedbythemethodsdescribed
inreference9. Thedatawerethencorrectedfortheeffectsofwinds
at altitude.TheinstrumentationconsistedofDopplerradar,a modi-
fiedSCR584radarset,and.radiosonde:Dragcoefficientsarebasedon
bodyfrontalareaandeachrepresents’thetotaldragoftheconfigu-
rateion. Figure7 presentsthevariationofdragcoefficientwithMach
numberfora typicalmodelshowingthecontinuityofthedatapoints.
TheerrorsindragcoefficientandMachnuniberarebelievedtobe less
thantO.01.

.
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RESULTSOFFLIGETTESTSANDDISCUSSION

Theresultsoftheflighttestsarepresentedasthevariationof
totaldragcoefficientwithMachnumberinfigures8 to 11. The -
penalizingeffectofroundingthenoseisseeninfigure8 andthe
seriousnessoftheproblemisemphasizedby theseresults.Allthe
nosesconsideredtobe possiblysuitableforseekerhousingreduced
thisdragpenaltygreatly.The30°conenoseshapeofferedthemost
effectivemeansof dragreduction;itsincreaseindragoverthebasic
parabolicnosebeingduepartlyto decreasedfinenessratio.Thedrag
coefficientofthe12-sidednose(fig.9)waspracticallythesameas
thatoftheconicalnosethroughouttheMachnumberrange.It iS of
interestto notethelatedragriseMachnumiberofthesetwomodels.
No attemptismadeto explainthisphenomenonatthepresenttimeand
furtherinformationwillbe necessarybeforethissubjectcanbe
clarified.

Theremainingnoseshapeswereallonlyslightlylesseffectivein
reducingthedragofthespherical-tipnosethantheconicalnoseat
supersonicspeeds.Unpublishedtestresultsindicatethatothercombi-
nationsofwindshieldsandspikelengthsthanthosetestedheremay
resultingreaterdragreduction.“Theeffectof equippinga slotted
conewitha ~“ conic~”windshield(fig.11)issmallbutfavorable.

Thepresenttests,althoughencouraging,arefarfromconclusive
fromanover-allstandpoint.Furthertestingisnecesssrytostudy
thecharacteristicsoftheseshapesunderliftingconditions,aswell
asto determinewithanactualseekertheirsuitabilityforseeker.
housing.

CONCLUSIONS“

Theresultsofa preliminaryinvestigationtostudynoseshapes
consideredtobe suitableforhousingan infraredseekerandoffering
a minimumofaerodynamicpenaltiesarepresented.Thevariationof
zero-liftdragwithMachnumberfora missile-likebodywithvarious
noseshapesindicatesthepossibleuseofseveralnosesconstructed
fromeithertransparent‘ornontransparent(metal)material.Specifi-
cally,thefollowingconclusionsweredrawnfromflight-testresults:

1.Ofthenoseshapestested,the30°conicalandthe12~sidednose
shapesincurredthesmallestdragpenaltyascomparedtothepsrabolic
noseshapeat supersonicspeeds.
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2.Ofthenoseshapesthatcouldbe constructedofmetal,aswell
as a transparentmaterial,thedifferencesindragwerenegligible.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.
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Figure 1.- Test body with basic parabolic mse shape.
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Slottedconenose
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Ringnose -’

(b)Detailed’drawingof slotted-coneandringnoseshapes.Dimensions
arein inches.

Figure2.-Concluded.
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(a) Spherical nose.

(c) The 12-sided nose.

(b) The 30° conical nose.

..

(d) “Spike-mounted
wi;dahield.

=

Figure 3.-Nose shapes tested.
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(e) Slotted cone.

\\

‘(f)Slotted cone with
~“ wiridEhield,

(g)Ring nose. -W9-

Figure 3.-Concluded. L-7545
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(a) Spike-mounted windshield. (b) Slotted cone.

Figure 4.- Shadowgraphs of various nose shapes at a Mach nu.&r’ of 1..8.
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(c) Slotted cone with short b“ windshield (not flight tested).(d) Slotted cone with long ho windshield.

~’
Figure 4.- Continued.
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Slotted cone with 50° wintihield (not flight tested). (f) Ring nose with ~“ windsbleld.
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Figure 4.- Conclu&d.
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Figure5.- Modelinpositionforlaunching.
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l?igure6.-Reynolds number R baaed on body length plotted against
Mach number M.
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Variation of total drag cc-efficientswith Mach number for a 2’
ty@.cal model Bhowing calculated data points. ~
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Figure 9.- Drag

against Mach
nose shapes.
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coefficient baBed on bcxiyfrontal area CD pldtted

number M for models with 30° cone and 12-aided
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Figure 10.- Ihw.gcoefficient baaed on body frontal area CD plotted

against Mach number M for models with 30° cone, spike-mounted
windshield, .dotted-~one and ring no6e shapes,
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